ation. However, even in patients with the idiopathic nephrotic syndrome, positive staining for gamma globulin and complement has been described as a characteristic finding (6) . Similar observations have been made in infants with the congenital nephrotic syndrome (8, 9) .
The purpose of this work was to obtain more definitive information about the significance of immunologic processes in a relatively large group of patients with the nephrotic syndrome of childhood. Our observations were carried out in 35 children with this disease. Deposition of immunoglobulin G (IgG) and beta1c-globulin in glomeruli was studied by the imunofluorescent technique and correlated with light microscopic findings and with the clinical course and response to therapy. Serum complement activity was measured in 10 of these patients. We found that in children whose nephrotic syndrome is responsive to steroid therapy and whose renal pathology is minimal, immunoglobulin and complement are not demonstrable on the glomerular basement membrane, suggesting that immunologic processes may not be of pathogenetic importance in this group. However, such mechanisms do appear to be operative in many of the nephrotic children whose clinical courses and kidney lesions are indicative of severe glomerular injury.
Methods
Subjects. The patient group consisted of 35 children who were admitted to the University of Minnesota Hospitals between 1962 and 1964 with the clinical and laboratory features of the nephrotic syndrome. Patients were considered to have this disorder if they presented the following features: 1) generalized edema, with or without ascites; 2) marked proteinuria as judged by a urinary protein concentration of 1,000 mg per 100 ml or more, a 24-hour urinary protein excretion of 2 g per m2 or more, or both; 3) depression of serum albumin below 2 g per 100 ml; and 4) elevation of serum cholesterol above 2 .0 mg per 100 ml. In most patients all features were present at the time of the study biopsy. However, in a few from whom biopsies were taken early in the course of an exacerbation, after onset of improvement, or after the development of chronic renal disease, not all features were present at the actual time of biopsy.
FIG. 1. NO FLUORESCENCE IS SEEN IN THESE TWO GLO-MERULI FROM
One patient had a sore throat 1 month preceding onset of the nephrotic syndrome and showed an antistreptolysin 0 titer of 500 Todd U at the time of biopsy. The albumin,3 and betaic-globulin,4 and in a goat to rabbit gamma globulin.5 The methods used for immunization, antisera preparation, FITC conjugation, tissue sectioning, staining, and microscopic and photographic techniques are described in another publication (11) . Antisera to human albumin and to rabbit gamma globulin were used as control stains for the antisera to human IgG and betacglobulin. In no instance was positive glomerular staining noted with these control stains. Specificity of IgG and betaic-globulin fluorescence was established by using an inhibition test in which the section was pretreated with unlabeled antisera. These sections were then compared with those in which the inhibition step with unlabeled antisera had been omitted. Reduction in fluorescence in the inhibited sections was interpreted as indicating specificity for IgG or beta1c-globulin fluorescence and was uniformly seen in all sections so tested. The tissues were examined independently by two investigators using a Zeiss fluorescent microscope.
Serum complement activity was determined by the method of Kabat and Mayer (12) (X 250.) B) DIFFUSE of the patient.7 An over-all assessment of the degree of abnormality was made; in addition, the specific abnormal features were graded on a scale ranging from 1 + (minimal) to 4 + (marked).
Results

Immunofluorescent studies
On the basis of the immunofluorescent findings it was possible to separate the patients into three groups. The first group (I) consisted of 22 patients whose renal glomeruli showed no deposition of IgG or betalc-globulin (Figures 1, 2A ).
In the second group (II) were seven patients whose glomeruli showed a coarse focal or basal distribution of IgG or betaic-globulin. Deposition of these proteins along glomerular basement membranes was negligible. Occasionally the fluorescence was confined to the stalk or mesangial region or to the basal area near the afferent or efferent arterioles. In some instances the fluorescence appeared to be within capillary lumina or in Bowman's space. Often the area of fluorescence was only one-tenth to one-twentieth of the glomerular surface area, and different glomeruli from a given specimen were involved to a variable degree ( Figure 3 , A and B).
The third group (III) comprised six patients whose biopsies showed extensive glomerular deposition of both IgG and beta1c-globulin. The deposition was usually linear and appeared to be on the basement membrane, although in some cases nodular excrescences and lumpy deposits along the basement membrane were also observed. Regardless of the predominant pattern it was clear that the fluorescence was related to the basement membranes of the capillary loops of the glomeruli ( Figure 4A ). Clinical course and routine laboratory studies (Tables I and II) Group I. These 22 patients showing no glomerular fluorescence could be separated into two groups, A and B, on the basis of their responses to 7 We are indebted to Dr. Barbara Burke of the Departments of Pediatrics and Pathology, University of Minnesota, for her assistance in this evaluation. 11 Refers to the 4-to 6-week period after onset of therapy; + = cessation of proteinuria within 1 month; -= failure to respond. ¶ Qualitative test for urinary protein: 1 + = 30 to 100 mg per 100 ml, 2 + = 100 to 500 mg per 100 ml, 3 + = 500 to 1,000 mg per 100 ml, and 4+ = more than 1,000 mg per 100 ml. ** Deceased.
sodes of the nephrotic syndrome, and all had experienced cessation of proteinuria with previous therapy. At the time of biopsy, edema, ascites, or both, were present in all but three patients, although each of these had shown these physical findings in the past. None of the patients were receiving daily steroid therapy at the time of biopsy.
Marked proteinuria was present in all patients, and depression of the serum albumin was seen in all but one, in whom it was not measured, although during this patient's previous nephrotic episodes hypoalbuminemia was documented. Serum cholesterol values were elevated in all but one patient, who had recently responded to steroid therapy and had protein-free urine until 3 days III All patients in this group showed severe pathologic changes. In three, the lesions of proliferative subacute glomerulonephritis were found. In two the lesions, although as severe, were more chronic, in that scarring was more pronounced and basement membrane thickening more widespread; these changes are compatible with the pathologic diagnosis of chronic glomerulonephritis. In one patient, the changes were those of a diffuse membranous glomerulonephritis ( Figure 4B ), a relatively common pathologic finding in adults with the nephrotic syndrome (13), but uncommon in nephrotic children.
Serum complement levels. Each of the eight values obtained from the patients in group I and II fell within normal limits; in group III one value was normal and one was low.
Discussion
These data suggest that it is possible, on the basis of immunopathologic studies, to delineate two groups of children with nephrotic syndrome. In one, comprising the majority of children with nephrosis, no evidence that immunologic mechanisms are operative was obtained with the methods used; in the other, immunologic mechanisms are probably of pathogenetic importance. The latter group, represented by our group III, was separable on the basis of clinical, laboratory, or pathologic findings from patients of groups I and II. The diagnoses include membranous glomerulonephritis [or membranous nephrosis of Churg and associates (13) ] and subacute and chronic glomerulonephritis. Deposition of IgG and betalcglobulin was seen along the glomerular basement membranes. These patients all failed to respond to conventional doses of corticosteroids, but several did respond to subsequent large doses of immunosuppressive agents, among them prednisone (14) . Group III constitutes only a relatively small proportion of children with the nephrotic syndrome. However, since the nephrotic syndrome can occur as a manifestation of acute poststreptococal glomerulonephritis (15) , and since recent studies have established that immunologic mechanisms are operative in this disease (11, 16, 17) , patients developing the nephrotic syndrome in the course of this disease could be included in this group.
Patients in groups I and II satisfy the clinical and pathologic criteria of idiopathic nephrotic syndrome of childhood. In none of these patients was IgG or betalc-globulin detected along the glomerular basement membrane. In group I all glo-meruli examined were completely negative, whereas in group II there were focal glomerular deposits of these immunoproteins. These appeared to lie within the mesangium, at the base of the glomerulus in the region of the afferent or efferent arterioles, within capillary lumina, or within Bowman's space. The significance of these immune deposits is not clear; however, we are inclined to interpret them as secondary to the proteinuria and not of primary pathogenetic significance since they are not localized in the glomerular membranes at the site of the functional lesion. Further study is necessary to clarify these relationships, but certainly the quantity and distribution of the immunoglobulin and complement deposits in group II clearly distinguish them from those of group III, which involved most of the glomerular surface of all the glomeruli examined and were located predominantly along the capillary basement membrane.
In view of previously published reports of glomerular immunoprotein deposition as a characteristic finding in the idiopathic nephrotic syndrome (3) (4) (5) (6) (7) , it is important to attempt reconciliation of such observations with the results of the present study. First, most of these reports have dealt with adults. In adults, membranous glomerulonephritis [or membranous nephrosis (13) (27) found normal values in some of their patients with "uncomplicated nephrotic syndrome," presumably the idiopathic nephrotic syndrome. West, Northway, and Davis (17) used an immunodiffusion technique to measure serum betalo-globulin levels and found normal values in patients with idiopathic nephrotic syndrome.
It seems unlikely from these data that immunologic mechanisms of the type thus far associated with the pathogenesis of renal disease are operative in the most common form of childhood nephrosis. Perhaps immunologic mechanisms that require gamma globulin and complement in molecular quantities not detectable by these techniques may produce the nephrotic syndrome; however, our interpretation of the observations herein reported leads us to favor a biochemical or metabolic defect that leads to episodic and potentially reversible changes in the permeability of tht glomerular basement membrane as the basic abnormality in the nephrotic syndrome of childhood. The renal pathologic changes in these children were marked, and none of them responded to steroid therapy.
Summary
Levels of serum complement activity were determined in 10 of the patients. Normal values were obtained in the patients of the first two groups.
We concluded that immunologic mechanisms of the type thus far associated with the pathogenesis of renal disease are probably not operative in the majority of children with the idiopathic nephrotic syndrome.
